Earlier measurements of the magnetization of small indium particles embedded in paraffin were extended in order to observe the transition from a regime of quantum size effects to a regime with normal bulk behavior. Static-magnetization data have been collected in applied magnetic fields up to 8 T in the temperature range from 3 to 300 K for samples with a mean particle diameter in the range from 2 to 10 nm. The measured temperature dependence at different values of the applied magnetic field reveals a paramagnetic contribution to the magnetization which can be accurately described with the magnetization of a spin triplet level, S =1. The Curie constant is orders of magnitude in excess of one spin per particle and seems to be strongly correlated with the sample handling procedure. In some of our samples we have found also a contribution to the magnetization highly nonlinear with the magnetic field, essentially temperature independent up to room temperature, and saturating at fields around 0.6 T. This contribution resembles strongly the magnetization behavior of ferromagnets. No quantum size effects have been observed in the present data.
I. INTRODUCTION
During the last four decades there has been a growing interest in the properties of very small metallic particles. In view of the great technological importance of very finely dispersed metals there is an urgent need for a thorough understanding of the character of the transition from the regime of bulk solid behavior to molecular properties. The modifications of the properties of materials resulting from the finiteness of the size of the crystallites deserve careful study.
For several reasons, the magnetic susceptibility of the electrons in very small metallic particles is expected to deviate strongly from normal bulk behavior:
(l) The electrostatic energy required to charge a metallic particle will become larger than the thermal energy at ambient temperature when its size is sufficiently reduced. Because of the resulting improbability of charge fluctuations, the number of electrons contained in a very small metallic particle will be constant. Kubo' was the first to notice this fact and he argued that, consequently, a distinction must be made between particles containing an odd number of electrons ("odd particles" ) and particles containing an even number of electrons ("even particles" ). (2) The spacing between successive energy levels of the electrons in small metallic particles will increase with decreasing particle size. Deviations from normal bulk solid behavior are believed to occur when the thermal energy kT becomes lower than the average level spacing 5. Kubo ' predicted that the low-temperature susceptibility of an ensemble of small metallic particles will be dominated by the alignment of the one unpaired spin in odd particles: for small enough particles, the Curie-law susceptibility of this single spin will increase over the bulk value of the Pauli spin paramagnetism.
The probability distribution of the nearest-neighbor level spacing close to the Fermi energy will strongly influence the theoretical predictions of the detailed temperature dependence of the susceptibility, both for even and for odd particles. Denton, Muhlschlegel, and Scalapino' have CESR has been observed in small silver particles' and the intensity was found to obey a Curie law. In addition, a Curie-law susceptibility of a magnitude of order one spin per particle has been observed in the static susceptibility of small platinum particles with an average diameter of 2 nm. The CESR observed in these samples reflected a Curie law, probably due to conduction-electron spin resonance in the small particles, but corresponding to much less than 0.5 spin per particle. ' Meier and Wyder" have measured the static magnetization of samples consisting of gas-evaporated indium particles embedded in paraffin. In the ternperature interval spanned by the temperature of the liquid helium, from 1.5 to 4.2 K, the magnetization was only weakly temperature dependent (as compared to a I/T law). A paramagnetic contribution to the magnetization was found in this temperature range, which saturated at fields around 2 T,-and which was superposed on a contribution linear with the magnetic field 8. It was suggested that the relatively low saturation field of the observed paramagnetic magnetization is due to the large orbital momenta associated with the states of the electrons which are confined to the nearly spherical volume of the metal particles. In a more elaborate discussion, van Gelder" was able to modify this model to include the observed temperature dependence. It is obvious that for a reliable assignment of the observed effects to quantum size effects in the small indium particles measurements are needed over a more extended temperature range.
Also, the correlation must be verified of the observed effects with the size of the small particles. In this paper we will discuss the results of the extension of the earlier measurements to the temperature range from 3 to 300 K and in even higher magnetic fields, up to 8 T. It will be shown that the temperature dependence of the magnetization observed over the whole range of temperature and magnetic field is accurately described by a common Langevin function for spin S = Table I .
B. Measurement technique
The magnetic moment of the samples has been determined with a very sensitive magnetometer containing a set of superconducting pickup coils and a current detector in the liquid-helium bath. ' The position of the sample was modulated at a very low frequency; the sample moved inside a continuous flow cryostat inserted through the pickup~oils. Here, we will give only a brief description of the principles and performance of the present instrument; a full discussion will be presented elsewhere. ' The magnetic field of up to 8 T is generated by a superconductive solenoid. Two oppositely wound pickup coils are positioned coaxially with the magnetic field and they are rigidly attached to the magnet as shown in Fig. 1 . In a conventional vibrating sample magnetometer, the induction voltage generated in a suitable set of pickup coils is proportional to the induced magnetic moment of the vibrating sample. ""
In our setup the pickup coils are part of a lowinductanee supereonducting loop, the flux transformer. Because the flux contained by a closed superconducting circuit is constant, a shielding current will be generated in the flux transformer proportional to the net change in flux sensed by the pickup coils. For In 3 In 4 In 5 In 6
In 7
In 8 The static part of the signal, mainly due to the uncompensated flux of the applied magnetic field, can be kept within reasonable limits by occasional heating of part of the flux transformer above its critical temperature which will cause the current to vanish, and by a feedback scheme which couples back to the galvanometer.
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The output voltage of the low-frequency phasesensitive detector is linearly proportional to the magnetic moment of the sample for moments up to 0.5 x 10 ' J/T. ' The noise corresponds with B,EBB = 3 x 10 9 J/T (3 x 10 6 emu) in fields up to 8 T,
provided that the magnet is operated in its persistent mode. The instrument has been calibrated against the saturation magnetization of a small nickel sample. S contained in the sample, for the gyromagnetic ratio g the free electron value has been taken, JM,~is the Bohr magneton, and k is the Boltzmann constant. In and 8. For the other samples, the data did not allow such extensive analysis. In Table I the value of X T is given; X is the mass susceptibility, X T is proportional to the high-temperature slope of the curve shown in Fig. 2 , and is also proportional to the scaling factor N.
For most samples the magnetic moment has been measured as a function of the magnetic field. In Fig.  3 the data are presented for sample 7. A small bend towards positive magnetic moments at fields below 0.4 T is clearly present; these curves resemble closely the data presented earlier by Meier and Wyder. " The curves show also a deviation from linearity at -high magnetic fields, this curvature has been found in all our measurements and is a consequence of the field dependence of the calibration factor of the detection system as noted in the previous section. Fig. 4(a) . This term is virtually tempera- ture independent up to room temperature. In Fig.   4 The value found for the susceptibility X does correlate with the sample preparation technique. The susceptibility found is probably due to atmospheric oxygen, trapped in the paraffin matrix; also the value S = 1 found from the temperature and field dependence of the susceptibility is consistent with the presence of oxygen.
The nonlinear contribution to the magnetic moment of the type shown in Fig. 4(a) Fig. 5 that the relative position of the "saturation" levels is remarkably well reproduced. However, the temperature-dependent contribution is much bigger relative to the temperature-independent background. In view of the remarkable similarity of our calculated result with the previously reported anomalous magnetization of indium particles, we suggest that those results can be interpreted along the same lines. The temperaturedependent contribution to the magnetization does not reveal a quantum size effect in the small indium particles.
